Objectives: Low-invasive endovenous thermal ablation techniques have become the preferred modality for the treatment of incompetent perforating veins.
IntroductIon
Chronic venous insufficiency of the lower limbs is often caused by incompetence of the valves of superficial and perforating veins, which results in impaired venous outflow from limbs towards the heart [1, 2] . In order to manage venous insufficiency effectively it is necessary to ablate all incompetent superficial veins, as well as incompetent perforators [3, 4] . Currently, low-invasive endovenous thermal ablation techniques have become the preferred treatment modality for this purpose [5] [6] [7] , not only because of low invasiveness of such a procedure, but also due to the possibility of conducting the treatment in an outpatient basis. Importantly, the use of intraoperative sonography improves efficacy and safety of treatment. In this paper we describe our own technique for endovascular thermal ablation of incompetent veins and the results of such a modified management. We performed bipolar radio-frequency induced thermal ablation of incompetent superficial veins and monopolar diathermal ablation under protective tumescence with 0.9% sodium chloride for the closure of incompetent perforators.
MaterIal and Methods
We analysed the results of treatment of 210 consecutive patients who were managed between December 2011 and December 2015. These patients presented with class C3 to C6 according to the CEAP classification. Ninety-seven of the patients received treatment on both sides, thus in total we managed 307 lower limbs with varicose veins, including 268 limbs with coexisting superficial and perforator incompetence. In this particular group of patients we utilised two different techniques to ablate authors' own Method of dIatherMIc therMal ablatIon of venous perforators -surgery wIth protectIve tuMescence Authors' own method of thermal ablation of venous perforators Phlebological Review 2016 incompetent veins: bipolar radio-frequency-induced thermotherapy (RFITT) with the use of the Celon system (Olympus, Center Valley, PA, USA) [8, 9] for the closure of incompetent saphenous or other large superficial veins, while in order to close incompetent perforators we utilised monopolar diathermal ablation (MDA) with the Eltron 160 (Bechtold & Co., Łódź, Poland) under protective tumescence with 0.9 % sodium chloride. In total, we ablated 307 incompetent perforators. Characteristics of patients and localisation of incompetent superficial veins are given in Table 1 .
All patients were treated on an outpatient basis, and the procedures were carried out under spinal anaesthesia. Preoperative screening for perforator incompetence comprised Doppler sonography. Nevertheless, the final decision of the closure of such an incompetent perforator depended on intraoperative Doppler sonography, which was performed in the supine body position after endovenous ablation of incompetent superficial veins. A reflux provoked by Valsalva manoeuvre after successful closure of incompetent superficial veins was an indication for thermal ablation of such a perforator. In addition, we managed all perforators with preoperative diameter in the standing position more than 4 mm. Details regarding localisation of incompetent perforators managed with MDA are given in Table 2 . There were two main indications to perform MDA under protective tumescence: in group 1 perforating veins comprising Cockett's, Bassey's, and Thiery's perforators this was due to anatomical location of such veins and risk of injury to adjacent arteries, deep veins, and nerves; in group 2 comprising May's and Roman Sławomir Kuśnierczyk, Przemysław Nowakowski and thermal ablation by launching the monopolar mode of the Eltron 160 set using a frequency of 600 kHz and power of 60 W. The duration of ablation depended on the intraprocedural sonographic appearance of the perforator. A properly ablated vein rapidly constricted, became hyperechogenic and incompressible. After the procedure the patients were advised to wear compression stockings of working pressure 34-46 mmHg for two weeks. Patients were advised not to remove the stockings for the first seven postoperative days, except for those presenting with venous ulcers, if dressing changes were necessary. Follow-up Doppler sonographies were performed 7 and 30 days after the surgery, and every year thereafter. The duration of follow-ups of patients who underwent combined RFITT and MDA treatments was 10-58 months.
arMaMentarIuM used for Mda under protectIve tuMescence
We used a 16G peripheral intravenous catheter and a long 21G tumescent needle (Fig. 1) . The intravenous catheter, acting as a straight arm, should be modified in order to increase the length of needle with which the thermal ablation is performed. For this purpose, the catheter should be disassembled and the plastic ring at its base removed. Reassembly of the catheter makes the needle longer than its plastic sheath. This plastic sheath of the intravenous catheter serves the purpose of insulating adjacent tissues from electric current and thermal injury. The tumescent needle should be long enough and of suitable diameter to make possible the administration of tumescence fluid through the above-described modified intravenous catheter (Fig. 2) . Thus our modified instrument for the closure of perforating veins consisted of an introducer sheath, diathermic ablation applicator, and a needle for administration of tumescence, all in one device. This tool can be operable with one hand, and the whole procedure be performed by one surgeon who guides the procedure with Doppler sonography, holding the sonographic probe with the other hand.
Technical details of the procedure are presented at: https://medtube.net/vascular-surgery/medical-videos/ 13086-the-own-method-of-diathermic-thermal-ablationof-perforating-veins-and-varicose and https://medtube. net/vascular-surgery/medical-videos/16339-ownmethod-of-performing-diathermic-thermal-ablation-ofperforators-with-protective-tumescence.
The whole procedure, under sonographic guidance, should be performed in the following steps:
• intravenous catheter, without tumescent needle inside, is inserted into the target perforator at the level of the fascia or below the fascia; • the intravenous catheter, with its tip still inside the perforating vein, is placed obliquely to the perforator wall, the tumescent needle is inserted into the intravenous catheter, and its tip is located outside the perforating vein, in the subfascial space; • a small volume of tumescence is administered to the subfascial space (pre-tumescence), which results in separation of blood vessels and nerves, and also in constriction of the dilated perforator and its tributaries; • with the use of MDA, thermal ablation of subfascial part of the perforator is performed and then more tumescence fluid is administered (post-tumescence); • with the tumescence needle withdrawn, the tip of the intravenous catheter is located above the fascia and thermal ablation of the epifascial part of the perforator is performed; • all connections between the incompetent perforator and the incompetent superficial veins are also managed with MDA; in the case of atrophic changes of the skin and/or subcutaneous tissue in the area of such veins, a pre-tumescence is administered, similarly to the management of a perforating vein, and in the case of normal skin only post-tumescence is applied. Importantly, all these steps should be performed smoothly, without unnecessary manoeuvres that might result in undesired relocation of the device outside the target vein. Of note, in patients presenting with class C4-6 of the CEAP classification [10] [11] [12] 
results
The success rate of thermal ablation of incompetent perforating veins, defined as completely occluded perforators demonstrated by Doppler sonography at follow ups seven and 30 days, and one year after the procedure was 95%. A similarly defined success rate of RFITT for incompetent superficial veins was 97%. There were seven patients with still incompetent great saphenous veins and one patient with incompetent small saphenous vein despite RFITT ablation. There were also 13 patients with recanalised perforators, but these veins were of small diameter and without pathological reflux revealed by Doppler sonography (Table 3) , and there were no recurrent varicosities in the area of such recanalised veins.
We did not observe serious intraoperative or postoperative complications. Neither deep vein thrombosis, peripheral nerve injuries, skin burns, nor persistent hyperpigmentations were diagnosed at follow-ups. Some hyposthenic patients developed transient indurations of subcutaneous tissue and transient hyperpigmentations in the area of MDA, which were similar to such reactions following RFITT of superficial veins. These skin problems were of moderate intensity, were managed with local nonsteroidal anti-inflammatory drugs, and persisted for seven days maximally. Hypoesthesia in the area of the medial malleolus was reported by 20% of patients managed for incompetent Cockett I or II perforators. These neurologic adverse events completely resolved between 30 and 90 days after the procedure (Table 3) . Out of 26 patients presenting with active ulcers, 25 of them (96%) were free of ulceration at follow-up one year after the treatment. Duration of healing of an ulcer after the procedure was 30-60 days. The ulcer area in the remaining patient decreased by 50%. In addition, at one-year follow-up there were no progressions of skin changes in patients presenting with class C4 and C5 (Table 4) .
dIscussIon
Incompetent perforators constitute one of the components of chronic venous disease [13] [14] [15] [16] . Even if their clinical meaning is still under debate [17] [18] [19] , their closure in patients presenting with severe venous insufficiency, such as class C5 and C6 according to the CEAP classification, significantly contributes to better results of treatment [20] [21] [22] [23] [24] [25] [26] [27] [28] . Incompetence of perforating veins can be of primary or secondary nature. In the latter case (the so-called re-entry perforators), once an overload in the superficial system is eliminated, a proper function of the perforating vein can be restored. Nevertheless, it remains unclear whether an incompetent perforator should be ablated or can be managed conservatively and the treatment should comprise only closure of incompetent superficial veins. It has also been reported that ablation of incompetent perforators in patients presenting with class C3-4 is associated with disappearance of varicosities connected to these veins. Currently, incompetent perforators are preferentially managed using minimally invasive techniques [29] , such as RF and laser thermal ablations [30, 31] , foam sclerotherapy, and closure with cyanoac- Roman Sławomir Kuśnierczyk, Przemysław Nowakowski rylate glue [32] . Except for foam sclerotherapy, ablation of perforators with other methods is performed through an introducer (a sheath or a needle). The target perforator usually runs perpendicularly or obliquely to the skin surface, and therefore its section eligible for inserting the introducer is no longer than 2-3 cm. Therefore, an insertion of the introducer can be challenging and carries the risk of positioning of the intravascular device outside the vein, with possible extravascular injuries. A solution to this problem can be the use of perforator-dedicated devices, for example ClosureRFS™ Stylet (Covidien, Hampshire, UK) [33] . However, an additional RF introducer significantly increases the total cost of procedure. A use of normal needles as introducers for laser ablation of perforators is associated with a risk of burns when the tip of the laser touches the needle. Closure of perforators with glue is extremely challenging if such a vein is short, but this method is highly effective and painless. Ultrasound-guided foam sclerotherapy is a commonly used and accepted method, but its efficacy is statistically worse than other treatments [34] . Thermal ablation of the veins using monopolar diathermy occludes the vessel along its long axis, and according to our own experience such an occlusion extends 1 cm in each direction from the tip of the device. The efficacy of MDA was assessed intraoperatively, using the above-described sonographic features of successful ablation, and with the same diagnostic modality at follow ups [35, 36] . In contrast to foam sclerotherapy, in which the extent of ablation is rather unpredictable, MDA enables precise closure of target veins [37] [38] [39] . Without tumescence the distance between the tip of the needle inserted to the subfascial part of perforator and the deep veins is approximately 3-4 mm, after tumescence this distance increases to 10-15 mm. In addition, tumescence lowers local temperature of tissues, separates other anatomical structures from the ablated blood vessel, and expels blood from the lumen of target perforator. The latter phenomenon protects from formation of thrombus inside the ablated perforator, which is of particular importance in cases with wide and short perforating veins and also those connected to subfascial venous malformations. Thus, MDA together with protective tumescence enables safe and accurate ablation of incompetent veins, with no associated risk of extravascular injuries. In contrast to classic surgery with subfascial ligation of perforators [40] [41] [42] , endovascular ablation does not result in subfascial scarring, thus making possible another future procedure in this area.
conclusIons
Monopolar diathermy with the use of protective tumescence enables minimally invasive, effective, and precise ablation of incompetent perforators. This method is also safe and is not associated with injuries to adjacent anatomical structures or thromboembolic complications.
